To examine patterns of human immunodeficiency virus (HIV) cause-specific deaths, risk factors, and
1
. Since the beginning of the human immunodeficiency virus (HIV) epidemic, HIV infection has become the leading cause of infectious disease deaths in China 2 . The first case of HIV infection in Zhejiang province was reported in 1985, with escalating numbers of cases over the subsequent three decades 3 . By the end of 2009, there was a cumulative total of 5,119 HIV cases in Zhejiang, of whom 1,261 (24.6%) had developed acquired immune deficiency syndrome (AIDS) and 533 (10.4%) who had died 3 . With a population of 66 million in Zhejiang province, the HIV prevalence rate among those 15 years and older was estimated at 0.03%. Sex between men was one of the major routes of transmission, and men who have sex with men (MSM) were the population with the highest prevalence of HIV in Zhejiang 3, 4 . After the initiation of China's national Free Antiretroviral Treatment Program in 2002, Zhejiang province launched its program in 2003 and scaled up this program over time. Over 90% of HIV/AIDS patients needing treatment accepted highly active anti-retroviral therapy (HAART) by December 2010 5, 6 . Consequently, with the life expectancy of HIV patients substantially improved, causes of death among HIV-infected individuals have become more diverse, and deaths from AIDS-related and non-AIDS-related diseases have continued to change over the years 7, 8 . Previous studies have documented factors that influence mortality among HIV-infected people including HAART treatment, late diagnosis, poverty, and little or no education 9, 10 . Factors related to non-AIDS-associated deaths, however, have not been as extensively researched. To our knowledge, although the independent roles of HAART treatment and late diagnosis have been reported 11, 12 , the interaction between them has not been addressed.
AIDS and causes of death.
Cases of AIDS were reported by the local CDC based on laboratory evidence of HIV infection and CD4+ T-cell count < 200 cells/mm 3 or at least one AIDS-defining illness as defined by the World Health Organization (WHO) stage 3 or 4 disease 13 . Mortality data were extracted from death certificates or by declaration of friends, parents, or relatives. Cause of death was specified in accordance with the 10th revision of the International Classification of Diseases. AIDS-associated death was defined as an AIDS-defining illness in accordance with WHO stage 3 or 4 disease. Non-AIDS-related deaths included all other known causes of death.
Other key variables. Individuals were eligible to start HAART if they had a CD4+ T-cell count of < 200 cells/ , or who were in WHO clinical stage 3 or 4. Individuals diagnosed with AIDS in the first year after initial examination were classified as a late diagnosis by calculating the time between the date of HIV diagnosis and AIDS diagnosis at < 365 days. Ethics statement. Because patients' data were collected from the National Center for AIDS/sexually transmitted disease (STD) Control and Prevention (NCAIDS) reporting system and analyzed anonymously, informed consent was not necessary. In China, we need to complete all of the work designated by the China CDC for HIV prevention and control, including HIV testing, HIV infection report, CD4 testing at least once a year, HAART, routine follow-up, death report, and so on. At the same time, we collect related data and upload it online as China CDC has requested. All of these procedures are routine work. This study is based on these data from routine work. We did obtain oral informed consent before HIV testing and CD4 testing as diagnosed.
Statistical analysis. Statistical analyses were performed using SPSS statistical software (version 19.0, IBM, Armonk, NY, USA), and STATA (version 12.0, StataCorp LP, College Station, TX, USA). χ 2 or Fisher's exact tests were used to compare categorical variables. Mortality rates were calculated with a life table in person-years (PY); the numerator represents the number of deaths and the denominator represents the total person-years of patients at risk of death. Predictors for mortality were assessed by univariate and multivariate Cox proportional hazards regression. Crude and adjusted hazard ratios (HR) with 95% confidence intervals (95% CI) were estimated. The likelihood ratio test was used to evaluate model fit. To determine reasons for AIDS-related death and non-AIDS-related death caused by disease, those who died from drug overdose, suicide, or accidents were excluded from the model.
Potential additive and multiplicative interactions were also assessed for initiation of HAART and age and initiation of HAART and late diagnosis. In the additive interaction analysis, factors were recorded in which the stratum with the lowest risk was considered as the reference, while both factors were considered jointly. Relative excess risk due to interaction (RERI) and 95% CIs were used to evaluate additive interactions. If 95% CIs of RERI included 0, there was no obvious additive interaction. Multiplicative interactions were calculated by the ratio of hazard ratios (RHR) and 95% CIs. If 95% CIs of RHR included 1, there was no obvious multiplicative interaction. For unbiased HR for interaction, we adjusted for potential confounding factors including age, gender, education level, area of registry, area of residence, transmission route, last CD4+ T-cell count, and coinfection with tuberculosis (TB).
Significance was determined at the p ≤ 0.05 level; all hypothesis tests were two-sided. Cause of death by age and disease status. Of all deaths in our study, 64.9% (970/1495) were among AIDS patients, and 49.5% (260/525) and 60.2% (584/970) of deaths occurred at ages over 40 years in HIV patients and AIDS patients, respectively. Leading causes of death for HIV patients were accidental death and suicide (21.5%), non-AIDS-associated malignancies (17.5%), and lung disease (excluding cancer) (14.5%). For AIDS patients, the most frequent underlying causes of death were AIDS-associated death (76.4%) and non-AIDS-defining malignancies (4.3%). There were more suicides among HIV patients under 40 years old (Table 1) . For all deaths, 49.6% died from AIDS-associated diseases, followed by suicide, accidental death, substance use (12.6%), non-AIDS-associated malignancies (9.0%), and lung disease (7.3%) ( Table 1) . Table 2 ). Other risk factors associated with AIDS-related mortality were age greater than 40 years, registry in Zhejiang province, resident of a different province, lower education, infection through heterosexual contact, and coinfection with TB (Table 2) .
Results

Deaths in
Risk factors for AIDS-related and non-AIDS
For all HIV/AIDS patients, the main risk factors related to non-AIDS-associated mortality were age greater than 60 years, compared to younger than 60 years (HR 5.755, 95% CI 3.814-8.683), late diagnosis, compared to early diagnoses (HR 2.277, 95% CI 1.618-3.205), infection by heterosexual contact, compared to infection by homosexual contact (HR 2.134, 95% CI 1.340-3.399), and last CD4+ T cell count (100-199 cells/mm (Table 2 ). In addition, being male, migrating to another province from Zhejiang, lower education, were also associated with non-AIDS-related mortality (Table 2) .
Combined influences of HAART and age and HAART and late diagnosis on AIDS-related mortality. The combined influences of HAART and age and HAART and late diagnosis on AIDS-related mortality are shown in Table 3 . After adjusting for confounding factors, no interactions were observed between HAART treatment and age on an additive scale (RERI = 1.448; 95% CI:-0.088-2.983) and multiplicative scale (RHR = 0.999; 95%CI: 0.759-1.239). Both additive and multiplicative scale interactions were found between HAART and late diagnosis, with a RERI = 5.624 (95%CI: 1.766-9.482) and RHR = 2.024 (95%CI: 1.167-2.882).
Discussion
In this seven-year study of mortality trends among HIV-infected patients in Zhejiang province, we found that all-cause mortality and AIDS-related mortality continued to decrease from 2006 to 2013. Other national cohort studies in China and Switzerland also reported substantial reductions in mortality of HIV/AIDS patients after HAART became available 6, 15 . All-cause mortality and AIDS-related mortality both declined to the point that they were even lower than all-cause mortality in Zhejiang province and in China, but were still higher than that in some developed regions such as the United States and Europe HAART coverage should be taken into account. Even though the number of non-AIDS-related deaths increased markedly, our study showed a relative inequality in reduction between AIDS-related and non-AIDS-related mortality. A rapid decline was observed in AIDS-related mortality, whereas non-AIDS-related mortality decreased substantially and plateaued in 2010. The reductions in all-cause mortality, AIDS-associated mortality, and non-AIDS-related mortality represent a major public health success due to scaled-up treatment coverage, improvement of health care services, and early detection of HIV.
The increasing diversity of causes of death in the HAART era has been recognized [18] [19] [20] . In this study, patients with HIV continued to die of AIDS. Between 2006 and 2013, 76.4% of deaths among AIDS patients and 49.6% of deaths of HIV-infected people were due to AIDS. Several reports show that the proportion of deaths due to AIDS ranged from 10% to 74% [21] [22] [23] . We should consider that the distributions of causes of death in different studies are not directly comparable due to different characteristics of patients, such as gender, age groups, and socioeconomic status. However, it may also contribute to delayed diagnosis and earlier initiation of HAART 24 . Late diagnosis (HIV diagnosis within one year of diagnosis of AIDS) occurred in 26.4% of cases of HIV/AIDS patients in Zhejiang province in 2012 25 . People who do not know their HIV status may have a higher risk of death than diagnosed patients. Moreover, the differences in the definition of AIDS death and accuracy of AIDS diagnosis must be taken into account. To improve the quality of classification of causes of death, we adopted deep clearance of data to make key variables more accurate.
Even though AIDS-defining diseases are the leading cause of death in HIV/AIDS patients, they have decreased in favor of other causes. The leading causes of death of HIV patients were suicide (especially in young people), accidents, and substance use, accounting for 26.3%. This rate was lower than that reported in many cohorts, such as 32.7% in a population-based cohort study in Spain 18 . Several epidemiologic studies have shown that young people infected with HIV are more likely than older people to suffer from pressure from parents, friends, and society and react with suicide 26, 27 . Further studies on suicide in HIV patients are necessary to identify specific risk factors.
Our findings are consistent with those already published that indicate that HAART and delayed diagnosis play an extremely important role in reducing mortality, both for AIDS-related and non-AIDS-related deaths after adjusting for potential confounding factors [28] [29] [30] [31] . HAART provision to individuals in Zhejiang province started in 2004, with 23.9% coverage in 2006, scaled up to 67.2% in 2010, and peaked at 93.2% in 2013. With the improvement of hospitals providing HAART treatment, HIV-infected individuals have had better treatment services; e.g., accessibility to treatment and healthcare for disease complications. In our study, the adjusted hazard ratios of HAART for AIDS mortality and non-AIDS mortality were statistically significant, 0.070 and 0.138, respectively, indicating that HAART has a more powerful protective effect against AIDS mortality than non-AIDS mortality. Compared with HAART, the association between late diagnosis and mortality was much lower for both AIDS mortality and non-AIDS mortality.
The overall finding concurs with what is known about late diagnosis typically affecting mortality among HIV/AIDS patients. Late diagnosis of HIV-infected patients leads to late entry into HIV care, including HAART uptake. We analyzed the proportion of late diagnoses in 2006-2013 and found that it decreased slightly, accounting for almost 30%, which is lower than that in Brazil and in China 11, 30 . The study in Brazil revealed that late entry into HIV care accounted for 95.5% of AIDS-related deaths in the first year after diagnosis; averting those deaths would have lowered the mortality rate by 39.5%
11 . An important strength of our analysis is that it identified the combined influences of HAART treatment and late diagnosis and HAART treatment and age. The aim of enrollment of AIDS patients for interaction analyses was to diminish the impact of patients without need for HAART treatment. Based on our results, the impact of going without HAART and late diagnosis on the AIDS mortality rate is more additive than the two factors present individually. Patients who were older or diagnosed late were more likely to die and progress to AIDS than younger people and those diagnosed early [30] [31] . However, no effect modification was observed between HAART and age on AIDS mortality, even though the association of age and mortality has been confirmed in several studies 32, 33 . However, a study conducted in Spain revealed no differences in virology and CD4+ T-cell responses to HAART treatment for a delayed HIV diagnosis group 34 . To our knowledge, this is the first attempt to determine the possible correlation for mortality between HAART treatment and late diagnoses. The result revealed that it is effective to encourage patients to receive HAART treatment, especially those with low CD4+ T-cell counts. However, this open cohort study was conducted with short follow-up times, which may affect the measure modifications over a longer period of time. If the correlation is genuine, the underlying biological or statistical mechanisms merit further investigation. As with all cohort studies, selection bias from loss to follow-up may exist. We compared the demographic characteristics of participants at follow-up and those lost to follow-up and found that most of the patients who were lost to follow-up were younger (80% were ≤ 40 years old) and female migrants. The differential selection bias may lead to overestimation of the associations. For AIDS-related mortality, only 1.5% of patients were lost to follow-up, and selection bias can be overlooked. In addition, even though potential confounding factors were considered on the basis of prior knowledge and confounding assessment, there were still some unknown and unassessed confounders generating bias. Despite potential limitations, the current study had a large sample size, and we were able to evaluate both of the main associations between HAART and other factors.
In conclusion, our study shows that the decline in mortality occurred stably in the HAART era. There is strong evidence that HAART treatment and early diagnosis have substantially reduced AIDS-related and non-AIDS-related mortality. The effect of HAART on AIDS mortality was affected by age and time of diagnosis, suggesting that detection of potential HIV infection and having HAART treatment (among individuals in need of treatment) are important and bring even larger benefits in terms of lives saved.
